WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07H 17/08, A61K 31/70 



Al 



(11) International Publication Number: WO 96/18633 

(43) International Publication Date: 20 June 1996 (20.06.96) 



(21) International Application Number: PCT/EP95/048 15 

(22) International Filing Date: 7 December 1995 (07.12.95) 



(30) Priority Data: 

MI94A002496 



13 December 1994 (13.12.94) IT 



(71) Applicant (for all designated States except US): ZAMBON 

GROUP S.PJV. [nTITJ; Via della Chimica. 9. 1-36100 
Vicenza (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): PELLACIN1, Franco 
(IT/IT); Via F.lli Rizzardi, 16714. 1-20151 Milano (IT). 
SCHIOPPACASS1, Giovanna JIT/IT]; Via Togliatti, 43, 1- 
20017 Rho (IT). ALBINI, Enrico [IT/IT); Via Torchietto, 
14, 1-27100 Pavia (IT). BOTTA. Daniela [IT/IT]; Via 
Valleggio, 4, 1-22100 Como (IT). ROMAGNANO. Stefano 
[IT/IT]; Via D. Scarlatti. 33, I-20O9O Buccinasco (IT). 
SANTANGELO. Francesco IIT/1T); Via Don Gnocchi. 33, 
1-20148 Milano (IT). 



(81) Designated States: AL, AM, AU, BB, BG, BR, BY, CA, CN, 
CZ, EE, FI, GE, HU, IS, JP, KG. KP, KR, KZ; LK, LR. LT, 
LV, MD. MG, MK, MN, MX. NO. NZ, PL. RO, RU. SG, 
SI, SK. TJ, TM, TT. UA. US. UZ. VN. European patent 
(AT, BE. CH. DE, DK. ES. FR, GB, GR. IE, IT. LU. MC. 
NL, PT. SE), OAPI patent (BF, BJ. CF, CG. CI, CM, GA, 
GN, ML, MR. NE, SN, TD, TG), ARIPO patent (KE, LS. 
MW, SD. SZ. UG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: ERYTHROMYCIN A 9-O-OXlME DERIVATIVES ENDOWED WITH ANTIBIOTIC ACTIVITY 



(57) Abstract 

R, R» 

Compounds of formula (I), wherein A, Ri, R2. M, n, m | j 

and r have the meanings reported in the description, processes for A-<CHa>r»-N-<CH*>m-N-(CHa)«*-0-N=M (I) 

their'preparation and pharmaceutical compositions containing them 
as active ingredients are described. The compounds of formula (I) 
are useful in the treatment of infectious diseases. 
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"Erythromycin A 9-0-oxime derivatives endowed with antibiotic activ- 
ity" 



5 The present invention relates to Erythromycin A derivatives endowed 
with antibiotic activity, useful in the treatment of infectious 
diseases and, more particularly, it relates to Erythromycin A 
9-[0-<aroinoalkyl)oxime] derivatives endowed with antibiotic activity 
against Gram-positive and Gram-negative microorganisms. 

■ Erythromycin A [The Merck Index, XI Ed., No. 3626] is a well-known 
naturally occurring macrolide endowed with antibiotic activity, 
having the following structure 
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Besides being active against some non-bacterial microorganisms such 
as rickettsiae and mycoplasmas. Erythromycin A is endowed with 
antibacterial activity mainly against Gram-positive microorganisms 
5 such as streptococci, staphylococci and pneumococci, but it results 
effective as well against some Gram-negative microorganisms such as, 
for instance, Haemophilus influenzae, Neisseria gonorrhoeae and 
Bordetella pertussis. 

In addition to the well-known activity against the aforementioned 
prokaryotes, it has been recently described in the literature that 
10 Erythromycin A and other macrolide antibiotics are active against 
eukaryotic parasites IP. A. Lartey et al.. Advances in Pharmacology. 
2fi.. 307-343 (1994)]. 

Also in the case of Erythromycin A. likewise other antibacterial 
drugs phenomena of resistance were observed with some bacterial 

15 

strains. 

In particular, the phenomenon was observed in the treatment of 
infections caused by staphylococci following to prolonged adminis- 
tration of Erythromycin A tA. Kucers and N. McK. Bennett. The use of 
antibiotics, A Comprehensive Review with Clinical Emphasis. William 
Heineroann Medical, IV Ed.. (1987) 851-8821. 
The interest towards macrolide antibiotics derives from their use in 
clinical and veterinary therapy in the treatment of several 
infectious diseases such as. for instance, the infections of the 
respiratory tract, of the gastrointestinal tract, of the urogenital 
25 tract and of the external organs like skin, eye and ear. 

Because of its high instability in acidic environment Erythromycin A 
is irreversibly . converted, for instance in the gastrointestinal 
tract following to oral administration, into derivatives devoid of 
antibiotic activity, conferring thus poor bioavailability on the 
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active principle [H. A. Kirst, Annual Reports in Medicinal Chemis- 
try, 21. 119-128 (1989)]. 

In order to overcome the above drawbacks, the research was addressed 
5 to compounds which t while maintaining the good antibiotic properties 
of Erythromycin A, resulted to be characterized by a superior sta- 
bility to the acids and better pharmacokinetic properties such as, 
for instance, superior oral bioavailability, haematic concentration, 
tissue penetration and half-life. 

Uithin this field, we can cite as an example the carbamates and 

10 

carbonates of Erythromycin A or Erythromycin A 9-0-oxime described 
in the European patent applications No. 0216169 and No. 0284203 
(both in the name of Beecham Group PLC) and the compounds described 
in the European patent application No. 0033255 (Roussel-Uclaf ) . 
The European patent application No. 0033255, in particular, de- 

1 5 

scribes derivatives of Erythromycin A 9-0-oxime of formula 

R-A-0-N=Ery 

wherein 

Ery represents the Erythromycin A residue wherein the oxime group 
(-N=Ery) is in place of the carbonyl group in position 9 (0=Ery); A 

20 

represents a straight or branched alkyl group with from 1 to c 
carbon atoms; R represents, inter alia , an optionally substituted 
alkoxy group with from 1 to 6 carbon atoms, or a group [-N(R-,)F 2 ) 
wherein Ri and R 2 , the same or different, represent a hydrogen atom 
or an optionally substituted alkyl group with from 1 to 6 carbon 

25 

atoms. 

The compounds described in the European patent application No. 
0033255 such as, for instance. Erythromycin A 9-[0-[ (2-methoxyeth- 
oxy)methyl]oxime] , known with the International Nonproprietary Name 
Roxithromycin [The Merck Index, XI Ed., No. 8253], Erythromycin A 

30 
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9-[0-[ (2-dimethylamino) ethyl loxime] and Erythromycin A 

9-[0-[ (2-diethylamino)ethyl]oximel have a spectrum of activity in. 
vitro comparable to that of Erythromycin A but are endowed with a 
£ superior stability to the acids and better pharmacokinetic 
properties. 

Said compounds, therefore, present an antibiotic activity against 
Gram-positive bacteria such as staphylococci, streptococci and 
pneuroococci and against some Gram-negative bacteria such as, for 
instance, Haemophilus influenzae and Haemophilus pertussis. 

10 

Now we have found compounds derivative of Erythromycin A 9-0-oxime 
and, more particularly, compounds derivative of Erythromycin A 
9-[0- (aroinoalkyl)oxime] , partly comprised but not exemplified in the 
European patent application No. 0033255, which have a wider spectrum 
of antibacterial activity against Gram-positive microorganisms and, 

15 

particularly, against Gram-negative microorganisms, and improved 
pharmacokinetic properties such as, for instance, a superior dura- 
tion of action and a superior half-life of tissue elimination, with 
respect to the compounds described in the aforementioned European 
patent application. 

20 

Object of the present invention, therefore, are the compounds of 
formula 

Ri Ra 

I I 

A-CCH 2 )r,-N-(CH 3 ) m -N-(CH 3 )^-0-N=M 
(I) 

25 u 

wherein 

A is a phenyl group or a heterocycle with 5 or 6 members containing 
1 or more heteroatoms selected among nitrogen, oxygen and sul- 
phur, optionally substituted with from 1 to 3 groups, the same or 
different, selected among straight or branched Ci-C* alkyl or 

30 
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alkoxy groups, d-C a alkylenedioxy groups, C-C* alkyl sulphonyl 
groups, phenyl, phenoxy, hydroxy, carboxy, nitro, halogen and 
trifluororoethyl groups; 
5 Ri and R a , the same or different, represent a hydrogen atom or a 
straight or branched C-C* alkyl groups; 
El is 1 or 2; 

OL is an integer comprised between 1 and 8; 
XL is an integer comprised between 2 and 6; 
M represents a group of formula 



15 




3 3 



wherein 

R a is a hydrogen atom or a methyl group; 

and pharmaceutically acceptable salts thereof. 

The oxiroes of formula (I) can have Z or E configuration. 

Object of the present invention, therefore, are the compounds of 

formula (I) having Z or E configuration, with a preference for these 
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latter. 

The compounds of formula (I) are endowed with antibiotic activity 

and are characterized by a high stability to the acids and by good 

.pharmacokinetic properties, being thus used in human or veterinary 
5 

therapy for the treatment of several infectious diseases such as, 
for instance, the infections of the central nervous system, of the 
upper and lower respiratory tract, of the gastrointestinal tract, of 
the urogenital tract, of the odontological tissue and of the exter- 
nal organs such as skin, eye and ear. 

10 

In the present description, unless otherwise specified, with the 
term C-C* alkyl group we intend a straight or branched alkyl 
such as methyl, ethyl, n. propyl, isopropyl, n. butyl, isobutyl, 
sec-butyl and tert-butyl group; with the term C-.-C* alkoxy group we 
intend a straight or branched alkoxy such as methoxy, ethoxy, 

15 

n.propoxy, isopropoxy, n.butoxy, isobutoxy, sec-butoxy and 
tert-butoxy group; with the term C,-C* alkylenedioxy group we intend 
a methylenedioxy or ethylenedioxy group. 

Uith the term heterocycle with 5 or 6 members containing 1 or more 
heteroatoms selected among nitrogen, oxygen and sulphur we intend a 

20 

heterocycle preferably selected among pyridine, pyrrole, pyrroli- 
dine, furan, tetrahydrofuran and thiophene. 

Preferred compounds are the compounds of formula (I) wherein A 
represents a phenyl group or a heterocycle selected between pyridine 
and furan, optionally substituted with from i to 3 groups selected 
25 among hydroxy, methoxy, methylenedioxy, n.butoxy, phenoxy, phenyl, 
methylsulphonyl, nitro, halogen and trif luororoethyl groups; and 
R a , being the same, represent a hydrogen atom or a methyl group: R 3 
represents a hydrogen atom. 

Still more preferred compounds are the compounds of formula (I) 

30 
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wherein A represents a phenyl group optionally substituted with a 
group selected among phenoxy, nitro and trif luoromethyl; Ri and R a , 
being the same, represent a hydrogen atom or a methyl group; n. is 
5 equal to 1; m. is equal to 6; r. is equal to 2; R» represents a 
hydrogen atom. 

Pharmaceutically acceptable salts of the compounds of formula (I) 
are the salts with organic or inorganic acids such as, for instance, 
hydrochloric, hydrobromic, hydroiodic, nitric, sulphuric, phosphor- 
ic, acetic, tartaric, citric, benzoic, succinic and glutaric acid. 

10 

Specific examples of preferred compounds of formula (I) are: 
Erythromycin A (E)-9-[0- [ 2- [6- (phenylmethylaroino)hexylamino] ethyl ] - 
oxirae]; 

Erythromycin A (E ) -9- [0- [ 2- [ 2- (phenylmethylamino ) ethyl amino] ethyl ] - 
oxiroe]; 

15 

Ery thromyc in A ( E ) -9- 1 0- [ 6- [ 6- ( phenylmethy laraino )hexylamino ]hexyl ] - 
oxime] ; 

Erythromycin A (E)-9-[0-[6-[3- ( phenylmethylamino) propyl amino ]hexyl ]- 
oxime]; 

Erythromycin A (E) -9- [ 0-[ 6- [ 5- ( phenylmethylamino )pentylamino Ihexyl ) - 

20 

oxime] ; 

Erythromycin A (E)-9-[0-[2-[8-(phenylmethylamino)octylamino]ethyl]- 
oxime] ; 

Erythromyc in A (E) -9- [0- [ 2* [ 5- (phenylmethylamino ) pentylamino ] ethyl ] - 
oxime] ; 

25 

Erythromycin A (E)-9-[0-[5-[6-(phenylmethylamino)hexylamino)pentyl}- 
oxime] ; 

Erythromycin A (E>-9-[0-[3- [6- ( ph eny 1 me thy 1 amino ) he xyl ami no] propyl ]- 
oxime] ; 

Erythromycin A (E ) -9- [0- [ 3- [ 4- (phenylroethylamino)butylamino]propyl ] - 

30 
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oxime] ; 

Ery thromy c in A ( E ) -9- [ 0- 1 2 - [ N-roethy 1 -6- ( N ■ -methyl -N • -pheny lme thy 1 - 
amino)hexylamino)ethyl)oxime] ; 
5 Erythromycin A <E)-9-[0-[2-[6-[ (biphenyl-4-yl)methylamino]hexylaroi- 

no) ethyl) oxime]; 

Erythromycin A (E)-9-[0-[2-[6-[ ( 3-phenoxyphenyl )methylamino]hexyl- 
aroino ] ethyl loxime ] ; 

Erythromycin A (E)-9-[0-[2-[6-[ ( 4-phenoxyphenyl )methyl amino ] hexy 1 - 
amino}ethyl]oxiroe]; 

10 

Erythromycin A (E ) -9- [0- [ 2- [ 6- ( 2-f urylmethylamino)hexylaraino] ethyl ] - 
oxime); 

Erythromycin A (E)-9-t0-[2-[6-(3-pyridylmethylamino)hexylaroino]- 
e thy 1 ] oxime]; 

Erythromycin A <E)-9-[0-[2-[6-[ <4-methoxyphenyl )methylamino)hexyl- 

15 

amino]ethyl]oxiroe); 

Erythromycin A (E)-9-[0-[2-[6-[ (4-n.butoxyphenyl) methyl amino] hexy 1- 
amino ) ethyl 3 oxime ] ; 

Erythromycin A (E) -9-[0- [2-[6-[ (3, 4-methylenedioxyphenyl )methylami- 
no]hexylamino)ethyl]oxime] ; 

20 

Erythromyc in A (E) -9-1 0- [ 2 - [ 6- 1 ( 4-me thy 1 sulphony lphenyl ) me thy lami - 
no]hexylamino)ethyl ]oxime] ; 

Erythromycin A (E)-9-[0-[2-[6-[ (4-f luorophenyl)methylamino]hexylami- 
no]ethyl loxime] ; 

Erythromycin A (E) -9- [0- [ 2-1 6- [ ( 2- trif luoromethylphenyl )methylami- 

25 

no]hexylamino)ethyl ]oxiroe ] ; 

Erythromycin A (E)-9-[0-[2-[6-[ (3-trif luoromethylphenyl )roethylaroi- 
nolhexylaminolethyDoxiroe] ; 

Erythromycin A CE) -9- [0- [2-16-1 (4- trif luoromethylphenyl )roethylami- 
no)hexylamino]ethyl loxime) ; 

30 
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Erythromycin A CE)-9-[0-[2- [6-[ (2-hydroxyphenyl)methylamino]hexyl- 
amino] ethyl loxime) ; 

Erythromycin A <E)-9-[0-[2-[6-[ (3-hydroxyphenyl)methylaminolhexyl- 
5 amino] ethyl Joxime]; 

Erythromycin A (E)-9-tO-[2-[6-[ U - hydroxyphenyl) methyl am inojhexyl- 
amino ] ethyl ] ox iroe ] ; 

Erythromycin A (E)-9-[0-[2-[6-[ (3, 5-dichloro-2-hydroxyphenyl) methyl - 
amino]hexylaraino]ethyl loxime] ; 

Erythromycin A (E)-9-[0-[2-[6-[ C2-nitrophenyl)roethylaminolhexylami- 
no]ethyl]oxime]; 

Erythromycin A ( E ) -9- [ 0- [ 2- 1 6- [ ( 3-nitrophenyl )roethylamino Ihexylami - 
nolethyl loxime] ; 

Erythromycin A (E>-9-[0-[2-[6-[ C4-nitrophenyl)methylamino]hexylaroi- 
nolethylloximel; 

Erythromycin A (E)-9-[0-[2-[6-r U-hydroxy-3-nitrophenyl)methylami- 
no]hexylamino]ethyl]oxime]; 

Erythromycin A (E)-9-[0- [2- [6-[ (3-hydroxy-4-nitrophenyl)roethylami- 
no ] hexyl amino ] ethyl 3 ox ime ] ; 

Erythromycin A (E) -9-[0-[2-[N-methyl-6-[N' -methyl-N* - (4-trif luoro- 

20 

methylphenyl)roethylamino]hexylamino] ethyl ]oxime] . 

The preparation of the compounds of formula (I), object of the 
present invention, can be carried out according to the synthetic 
method which is described below. 

The method comprises, at first, the condensation reaction between a 

25 

suitable amino acid of formula 
I 

HN-CCH 3 )«-,-COOH (II) 
wherein 

Ri and m have the above reported meanings; 

30 
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with an acyl chloride of formula 

A-CCH a )r>-,-COCl 

wherein 

g A and n. have the above reported meanings. 

The condensation reaction is carried out, according to conventional 
techniques, in an inert solvent and in the presence of a base such 
as, for instance, an alkali metal hydroxide, to obtain the compounds 
of formula 

10 | 

A- (CH a , -CON- (CHa )«.- 1 -C00H ( IV) 

wherein 

A, Ri , n and bl have the above reported meanings. 

The thus obtained N-acyl amino acids of formula CIV) are further 
condensed, according to conventional techniques, with an amino ester 

15 

of formula 
Ra 

HN-(CH a )r--.-C00R* (V) 
wherein 

Ra and £ have the above reported meanings; 

20 

R* represents a methyl or ethyl group; 
to obtain the compounds of formula 

| i 

A-(CHa)r,-,-CON-(CHa)««-i-CON-(CHa)r^-C0OR. (VI) 
wherein 

25 A, R lf Ra, R*, n. Stand n have the above reported meanings. 

By working according to conventional techniques the compounds of 
formula (VI) are subsequently reduced, for instance with sodium 
boron hydride in the presence of acids, lithium aluminum hydride, 
dimethyl sulphide-borane or by catalytic hydrogenation, to the 

30 
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corresponding amino alcohols of formula 

R 2 

I I 

A- ( CH 3 ) n-CON- ( CH a ) m -CON- ( CH a ) r -0H ( VII ) 

5 wherein 

A, Ri , R 2 , a% a and £ have the above reported meanings. 
The amino alcohols of formula (VII) are then converted into the 
corresponding sulphonyl derivatives of formula (VIII), for instance 
by means of methanesulphonyl chloride or p. toluenesulphonyl 
chloride, and subsequently condensed with Erythromycin A 9-0-oxime 

10 

or 6-0-methylerythromycin A 9-0-oxime, both representable according 
to formula (IX), to obtain the compounds of formula (I) 

Rn R 3 
I I 

(VII) > A-(CH a )r.-N-(CH a ) m -N-(CH a ) r .-OR» (VIII) 



15 



M=N-0H (IX) 
Ri Ra 

I I 

A-(CH a ) ri -N-(CH a ) m -N-(CH a ) r .-0-NrM (I) 

wherein 

A, Ri, R 2 , M, a* a and £ have the above reported meanings; 

20 R * represents a mesyl or tosyl group. 

The reaction between the compounds of- formula (VIII) and the oximes 
of formula (IX) is carried out in an inert organic solvent such as, 
for instance, tetrahydrofuran, ethyl ether or 1 ,2~dimethoxyethane, 
in the presence of potassium tert-butylate and of 18-crown-6 ether 

2j- as complexing agent. 

It is clear to the man skilled in the art that when the sulphonyla- 
tion reaction is carried out by using the compounds of formula (VII) 
wherein one or both R, and R a substituents represent a hydrogen 
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atom, it can be necessary to protect the nitrogen atom or atoms , 
before carrying out the sulphonylation reaction. 

In that case t the condensation of the thus obtained N-protected 
5 sulphonyl derivatives with the oximes of formula (IX), analogously 
to what previously reported, and the subsequent deprotection carried 
out according to conventional methods, allow to obtain the compounds 
of formula (I) wherein one or both R, and R a substituents represent 
a hydrogen atom. 

For a bibliographic reference to the protection of amines see [T. U. 

10 

Greene and P.G.H. Uuts, Protective groups in organic synthesis, John 
Uiley & Sons, Inc., 2nd. Ed., (1991), 309-405]. 

The compounds of formula (II), (III) and (V) are known or easily 
prepared according to known methods. 

Also the oximes of formula (IX) are known compounds and can be 

15 

prepared according to conventional methods comprising, for instance, 
the reaction of Erythromycin A or 6- O-methyl erythromycin A with 
hydroxy 1 amine hydrochloride. 

The esters of formula (VI) can be optionally prepared according to 
an alternative synthetic method comprising, at first, the condensa- 

20 

tion of a suitable amino acid of formula (II) with an amino ester of 

formula (Vj, to obtain the compounds of formula 

Rn R* 
HN-(CH 2 ) m . 1 -C0N-(CH 2 ) r .,-C00R^ (X) 

wherein 

25 

Ri, R 2 , R*, gl and jr., have the above reported meanings. 
It is clear to the roan skilled in the art that before carrying out 
the condensation between the amino acid of formula (ID and the 
amino ester of formula (V) it can be necessary to suitably protect 
according to what already reported for the sulphonylation reaction. 

30 
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the amino group of the amino acid of formula (II). 
The further condensation of the compounds of formula (X) with a 
compound of formula (III), carried out according to conventional 
5 techniques and the optional deprotection allow then to obtain the 
compounds of formula (VI). 

The preparation of the compounds of formula (I) wherein at least one 
of the two Ri and R a substituents represents a group selected among 
ethyl, n. propyl, n. butyl and isobutyl, can be carried out according 
to an alternative synthetic method which is described hereinafter. 

10 

Said method comprises, at first, the acylation of the nitrogen atom 
or atoms of the amino alcohols of formula (VII) wherein one or both 
Ri and R a substituents represent a hydrogen atom. 
For instance, by using a compound of formula (VII) wherein both R, 
and R a substituents represent a hydrogen atom and by working accord- 

15 

ing to conventional techniques in the presence of a suitable acyl 

chloride (R'COCl), it is possible to obtain the compounds of formula 

COR' COR T 
I I 

A-CCHa^-N-CCHa^-N^CHa^-OCOR' (XI) 
wherein 

20 

A, n, a and n have the above reported meanings; 
R 1 represents a straight or branched C,-C 3 alkyl group. 
The reduction of the compounds of formula (XI), carried out accord- 
ing to conventional methods, allows to obtain the compounds of 
formula 

25 

Ri R* 
I I 

A-(CHa)r.-N-(CHa)m-N-(CHa)r.-OH (XII) 
wherein 

A, ft, m and £ have the above reported meanings; 

R, and R 2 represent ethyl, n. propyl, n. butyl or isobutyl groups; 

30 
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which, converted into the corresponding sulphonyl derivatives and 
condensed with the oximes of formula (IX), analogously to what 
previously reported, allow to obtain the compounds of formula 

c Ri Ra 

I I 

A-(CH a )^-N-(CH a )»-N-CCH a )r-0-N=M (I) 
wherein 

A, M t Oj OL and cl have the above reported meanings; 

R n and R 2 represent ethyl* n. propyl, n. butyl or isobutyl groups. 

An alternative synthetic process with respect to those previously 

10 

reported for the preparation of the compounds of formula (I), object 
of the present invention, is described hereinafter. 
Said process comprises, at first, the oxidation of a suitable 
N-protected amino alcohol such as, for instance, an N-benzyloxycar- 
bonyl-amino alcohol of formula (XIII), in the presence of sodium 

15 

hypochlorite and of the free radical 2,2,6,6-tetramethylpiperi- 
dinooxy (TEMPO), in an inert organic solvent, to obtain the com- 
pounds of formula (XIV) 

2 2 

I I 
HN-(CH a ) m -0H > HN-(CH 2 )m-,-CH0 

20 

(XIII) (XIV) 
wherein 

m has the above reported meanings; 
2 represents a protecting group. 

Examples of inert organic solvents usable in the oxidation reaction 

25 

are, for instance, methylene chloride, chloroform, carbon tetrachlo- 
ride, l ,2-dichloroethane, ethyl acetate, benzene and toluene. 
The amination of the thus obtained aldehyde in the presence of a 
suitable amino alcohol of formula (XV) and the reduction of the 
formed intermediate, for instance in the presence of sodium boron 
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hydride, allow to obtain the amino alcohols of formula (XVI) 

Z H 
I I 

(XIV) + H a N-CCH a )«.-OH > HN-(CH a ) m -N-(CH a )^OH 

5 (XV) (XVI) 

wherein 

Z, ©.and thave the above reported meanings. 

The further protection of the compounds of formula (XVI) at the 
amino nitrogen and, in this order, the conversion into the corre- 
sponding sulphonyl derivatives, the condensation with the oximes of 

10 

formula (IX) and the deprotection at the nitrogen atoms, analogously 
to what previously reported, allow to obtain the compounds of for- 
mula 

H 
I 

H 3 N-(CH a )«-N-(CH a )r-0-N=:M (XVII) 

15 

wherein 

M, & and n have the above reported meanings. 

The intermediate oximes of formula (XVII), condensed with a suitable 
aldehyde of formula (XVIII) and reduced, for instance by catalytic 
hydrogenation, allow to obtain the compounds of formula (I) 

20 

H H 
I I 

(XVII) + A-(CH a )r*-i-CH0 ----- > A-(CH a ) r ,-N-(CH a )„>-N-(CH a ) r -0-N=M 
(XVIII) (I) 

wherein 

A, N, a. OH and r. have the above reported meanings. 

25 

The compounds of formula (XIII), (XV) and (XVIII) are known or 
easily prepared according to known methods. 

The compounds of formula (I) wherein one or both R, and R a substitu- 
ents represent a hydrogen atom, prepared according to one of the 
previously described methods, can be optionally alkylated at the 
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nitrogen atom or atoms of the di-amino moiety according to conven- 
tional methods comprising, for instance, the condensation with a 
suitable aldehyde and the reduction of the obtained intermediate. 
5 The compounds of formula (I) wherein R, and R 2 , the same or diffe- 
rent, represent a straight or branched d-CU alkyl group are thus 
obtained. 

The preparation of the compounds of formula (I) with Z or E configu- 
ration is carried out according to one of the synthetic schemes 
above described, by using the oxiroe of formula (IX) in the desired 

10 

configuration [J. C. Gasc et al.. The Journal of Antibiotics, 44, 
313-330, (1991)]. 

The compounds of formula (I) are endowed with antibacterial activity 
against several Gram-positive and Gram-negative microorganisms and 
are useful in clinical and veterinary therapy for the treatment of 

15 

several infectious diseases such as, for instance, the infections of 
the central nervous system, of the upper and lower respiratory 
tract, of the gastrointestinal tract, of the urogenital tract, of 
the odontological tissue and of the external organs such as skin, 
eye and ear. 

20 

Said compounds, furthermore, resulted to be active with respect to 
several Gram-positive microorganisms of clinical interest, resistant 
to Erythromycin A or, more in general, to macrolide antibiotics 
characterized by the presence of a 14 or 15 members macrolactone. 
The antibacterial activity of the compounds of formula (I) against 

25 

Gram-positive microorganisms such as Streptococcus pyogenes. 
Streptococcus pneumoniae, Enterococcus faecal is and Staphylococcus 
aureus and Gram-negative microorganisms such as Escherichia coli and 
Klebsiella pneumoniae was evaluated by means of in — yitro tests 
suitable to evaluate the minimum concentration of antibiotic 

30 



WO 96/18633 PCT/EP9S/04815 

- 17 - 

enabling the inhibition of the bacterial growth (MIC) (example 23). 
Roxithromycin and Clarithromycin were used as reference compounds 
[The Merck Index, XI Ed., No. 8253 and 2340, respectively]. 
5 The antibacterial activity of the compounds of formula (I) against 
Gram-positive microorganisms resulted to be practically comparable 
to that of Roxithromycin and Clarithromycin, macrolides both 
characterized by a high antibacterial activity in vitro (table 1). 
With respect to Gram-negative microorganisms and, particularly, 
against enterobacteria such as Escherichia coli and Klebsiella 

10 

pneumoniae, the compounds of formula (I) resulted to be markedly 
more active than both reference compounds (table 2). 
To this extent, it is interesting to point out that the compounds of 
formula (I), object of the present invention, resulted to be more 
active than Roxithromycin, described in the aforementioned European 

15 

patent application No. 0033255 and chosen as election compound with 
respect to several other derivatives such as, for instance, 
Erythromycin A 9-[0-[ (2-dimethylaroino)ethyl]oxime) [J. C. Gasc et 
al.. The Journal of Antibiotics 4± f 313-330, (1991)]. 
^ Moreover, the compounds of formula (I) resulted to be active in vivo 
(table 3). 

The in vivo antibacterial activity of the compounds of formula (I), 
expressed as average protecting dose PDoo (mg/Kg), was evaluated by 
means of experimental pulmonary infection induced in mouse by 
Streptococcus pyogenes (example 23). 

25 

By considering the data of activity in vivo it is evident that the 
compounds of formula (I) are characterized by a prolonged duration 
of action and a long half-life of tissue elimination. 
In fact, after intraperitoneal administration in mouse, the com- 
pounds of formula (I) are rapidly and widely distributed in the 
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whole organism and the tissue levels result to be higher than the 
plasmatic ones. 

This results particularly evident by considering the PD BO values for 
5 the compounds of formula (I) administered 24 hours before or 1 hour 
after the infection. 

Said values, in fact, result to be substantially unchanged after 
administration 24 hours before or 1 hour after the infection. 
In the case of experimental pulmonary infection induced in mouse by 
Streptococcus pyogenes, a pathogen traditionally responsible for 

10 

respiratory diseases, effective concentrations of the compounds of 
formula (I) intraperitoneal ly administered, persist at pulmonary 
level 24-48 hours after the administration. 

The reference compounds Roxithromycin and Clarithromycin adminis- 
tered 24 hours before the infection, instead, resulted to be inac- 

15 

tive. 

Therefore, the compounds of formula (I) result also to be endowed 
with a pulmonary selectivity and can be advantageously used in the 
treatment of the infections of the respiratory tract. 
In addition to the aforementioned activity against bacterial 

20 

microorganisms the compounds of formula (I), object of the present 
invention, resulted to be active against eukaryotic pathogens. In 
particular, they resulted to be markedly active against protozoa 
such as Plasmodium falciparum which is the well-known malaria 
parasite. 

25 

The compounds of formula (I), therefore, can also be advantageously 
used in the treatment of malarian diseases. 

Besides being characterized by a wide spectrum of antibiotic 
activity against Gram-positive and Gram-negative microorganisms and 
protozoa, by a good stability to the acids and by good 
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pharmacokinetic properties, the compounds of formula (I) present, in 
mouse, an acute toxicity comparable to that of Roxithromycin. 
Therefore, being characterized by a high safety of use, they can be 
5 advantageously employed in human and veterinary therapy. 

The compounds of formula (I) will be preferably used in a suitable 
pharmaceutical form useful to oral, parenteral, suppository or 
topical administration. 

Object of the present invention, therefore, are the pharmaceutical 
compositions containing a therapeutically effective amount of one or 

10 

more compounds of formula (I) in admixture with a pharmaceutical ly 
acceptable carrier. 

Said pharmaceutical forms comprise tablets, capsules, syrups, in- 
jectable solutions ready to use or to be prepared when used by 
dilution of a lyophilized, suppositories, solutions, creams, oint- 
ments and eye lotions. 

For the veterinary use, in addition to the above compositions, it is 
possible to prepare solid or liquid concentrates to be diluted into 
the feed or drinking water. 

According to the type of composition, besides a therapeutically 

20 

effective amount of one or more compounds of formula (I), they will 
contain solid or liquid excipients or diluents for pharmaceutical or 
veterinary use and optionally other additives of normal formulating 
use such as thickeners, aggregants, lubricants, disgregants, fla- 
vouring and colouring agents. 

25 

In order to treat particular infections, the compound of formula (I) 
could be in association with an effective amount of another active 
ingredient. 

The effective amount of the compound of formula (I) can vary accord- 
ing to different factors such as the seriousness and the phase of 
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the infection, the organ or the system affected, the characteristics 
of the host species, the susceptibility of the bacterial species 
responsible for the infection and the selected route of administra- 
j tion. 

The therapeutic dose will be generally comprised between 0.5 and 100 
mg/Kg of body weight/day and could be administered into a single 
dose or into more daily doses. 

With the aim of illustrating the present invention, without limiting 
it, the following examples are now given. 

10 

The structures of the compounds of formula (I) and of the synthetic 
intermediates for their preparation were confirmed by 1 H-NMR or by 
n3 C-NMR spectroscopy. The values of the meaningful signals of the 
more advanced intermediates and of the compounds of formula (I) are 
reported hereinafter. 

15 

Example 1 

Preparation of N -benzovl-6-aminohexanoic acid 

A solution of benzoyl chloride (0.18 moles) in ethyl ether (160 ml) 
and a solution of sodium hydroxide 1N (180 ml) were contemporaneous- 
ly added to a mixture of 6-aminohexanoic acid (0.15 moles) in ethyl 

20 

ether (150 ml) and water (200 ml) containing sodium hydroxide (0.15 
moles) , kept under stirring at a temperature comprised between 
0-5°C. 

At the end of the additions, the reaction mixture was brought at 
room temperature and kept under stirring for other 4 hours. 

25 

After separation of the phases, the aqueous phase was washed with 
ethyl ether (200 ml) and acidified at Congo red with concentrated 
hydrochloric acid. 

After extraction with ethyl acetate (3x200 ml) the collected organic 
phases were washed with a saturated aqueous solution of sodiutn 
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chloride (200 ml), dried on sodium sulphate and evaporated at re- 
duced pressure. 

N-benzoyl-6-aminohexanoic acid, used as such in the subsequent 
g reactions t was thus obtained. 

By working analogously the following compounds were prepared: 
N"ben2vyl-?-eniinoprgpenQk sciti; 
N-benzwl -glycine; 
N-bfflzwl-8-eminwctanplc acid; 
N-benzpYl-4-gmingfrutanvlc acid; 

10 

w-phenylacetvl-6'QfflinQheKanoic acid; 

N-Phenvlacetvl-glvcine: 

N-benzovl-N-isopropyl-4-aminobutanoic acid: 
N-benzovl-N-isopropvl-6-aminohexanoic acid. 

Example 2 

15 

Preparation of N-f 6-(benzovlamino)hexanovnqlvc ine ethvl ester 
A solution of dicyclohexylcarbodiimide (112 ©moles) in anhydrous 
tetrahydrofuran (44 ml) was gradually added to a suspension of 
N-benzoyl-6-aminohexanoic acid (93.5 mmoles), prepared as described 
in example 1, glycine ethyl ester hydrochloride (112 mmoles), tri- 

20 

ethylamine (112 mmoles) and anhydrous 1 -hydroxybenzotriazole (112 
mmoles) in tetrahydrofuran (330 ml), kept under stirring at 0°C. 
The reaction mixture was brought at room temperature and kept under 
stirring for 16 hours. 

At the end, a precipitate was formed which was eliminated by filtra- 

25 

tion and the thus obtained filtrate was evaporated at reduced pres- 
sure. 

The residue was collected with ethyl acetate (300 ml) and subsequen- 
tly washed with a solution of hydrochloric acid at 5% (2x100 ml), 
with a saturated solution of sodium chloride (100 ml), with a 

30 



WO 96/18*33 PCT/EP95/04815 

- 22 - 

solution of sodium bicarbonate at 5% (2x100 ml) and, at last, with a 
saturated solution of sodium chloride (100 ml). 

The organic phase was dried on sodium sulphate and evaporated to 
5 dryness at reduced pressure, thus obtaining N-t6-(benzoylamino)hex- 
anoyllglycine ethyl ester which was used as such in the subsequent 
reactions. 

By working analogously the following compounds were prepared: 
M-r(benzoyl »mino)acetvnql veins ethyl ester, 

Tj^Aw P hpnvi ace tvia min o )hexanoynqlYg in€ ethyl ester; 

10 

N-f (DhenvlarPtA/1amino) arPtvnqlvcinf> ethvl ester: 
Pthvl 6- [ 6- ( benzoyl am i no ) hexanovlamino 1 hexanoate ; 
^r5-(benzovlamino)Dentar ovnglvcine methvl ester; 
frPtfrvl 6-f5-(ben^ovlamino )Dentanov3amino1hexanoate; 
N-r7-(benzovlamino)hePt3 novl1qlvcine methvl ester; 

15 

frPthvi ^r6->(ben? oviamino)hpxanovlaminolPent9nQate; 
mpthui A-f (benzoviaminoacptvlaminolhexanoa te; 

mpthvl 3- f 6- (henzovlamj j no ) hexanovlamino Ipropionate : 

Pthvl ^.fN-isoprnDvl-(phep vlacetvlamino)acetvlaminc>1he^W9ate; 

mp t hv 1 6- f 4 - ( ben *ovl amino ) hti tanovl ami no 1 hexanoate ; 

20 

fp pt-hvi 4-fN-isftDrQPvl-4-( M'-isopropvl-N t -ben2ovlamin9?t>ut^noyl ( piP3 l > 
nolbutanoate. 

Example 3 

Preparation of N - (6-aminohexanovl )qlYC? n f nhvl ester 
a) 6-Aminohexanoic acid (100 g; 0.762 moles) and, gradually, a 
25 solution of di-tert-butyl dicarbonate (168 g; 0.762 moles) in metha- 
nol (140 ml) were added to a solution of sodium hydroxide (33.54 g; 
0.831 moles) in water (840 ml) and methanol (400 ml). 
The reaction mixture was kept under stirring at room temperature for 
4 hours. 
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After that, solid di-tert-butyl dicarbonate (17.5 g; 0.08 moles) was 
added again, keeping under stirring for other 16 hours. 
The reaction mixture was then washed with hexane (2x400 ml), acidi- 
5 fied up to pH 1.5 with a solution of potassium bisulphate and 
extracted with ethyl acetate (3x450 ml). 

The collected organic phases were dried on sodium sulphate and 
evaporated to dryness affording thus 6-(tert-butoxycarbonylamino)- 
hexanoic acid as an oil (163 g). 

b) By working analogously to what described in example 2, 6-(tert- 
-butoxycarbonylamino)hexanoic acid (163 g) was directly condensed 
with glycine ethyl ester hydrochloride (118 g; 0.845 moles), obtain- 
ing thus N-[6-(tert-butoxycarbonylamino)hexanoyl]glycine ethyl ester 
(285 g) as a raw product which was used as such in the subsequent 

^ reaction. 

m.p. 76-77°C (isopropyl ether) 

c) A solution of hydrochloric acid 6N (150 ml) in ethyl acetate (150 
ml) was added to a solution of N-[6-(tert-butoxycarbonylaroino)hexa- 
noyllglycine ethyl ester (285 g) in ethyl acetate (500 ml), kept 
under stirring at room temperature. 

20 

After 24 hours a precipitate was formed which was filtered, washed 
with ethyl acetate and with ethyl ether, and dried in oven (50°C) 
under vacuum. 

N-(6-aminohexanoyl) glycine ethyl ester (93 g) was thus obtained as a 
raw product which was used as such in the subsequent reactions. 

25 

TLC (methylene chloride:methanol:ammonia=10:2:l ) Rf=0.2. 

Example 4 

Preparation of N-F6 -f (4-f luorobenzovl ) amino Ihexanovl Iglvcine ethyl 

ester 

A solution of 4-f luoroben2oyl chloride (47.4 mmoles) in methylene 
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chloride (30 ml) was gradually added to a suspension of N-(6-amino- 
hexanoyl) glycine ethyl ester (39.5 mmoles), prepared as described in 
example 3, and triethylamine (87 mmoles) in methylene chloride (150 
5 ml), kept under stirring at 0°C. 

The thus prepared mixture, to which triethylamine (2 ml) was subse- 
quently added, was brought at room temperature and kept under stir- 
ring. 

After one hour under these conditions, the reaction mixture was 
washed with a solution of hydrochloric acid at 5% (2x100 ml) and 

10 

with a saturated solution of sodium chloride (3x100 ml). 
The separated organic phase was dried on sodium sulphate and evapo- 
rated to dryness under vacuum. 

N- [ 6- [u-fluorobenzoyl)amino]hexanoyl) glycine ethyl ester was thus 
obtained as a crude product, used as such in the subsequent reac- 

15 

tions. 

m.p. 121-122°C (ethyl acetate) 
TLC (ethyl acetate) Rf=0.3 

By working analogously the following compound was prepared: 
N-f6-(2-furovlamino)hexanov llQlvcine ethvl ester 

20 

m.p. 104-106°C (acetonitrile/isopropyl ether) 
TLC (methylene chloride:methanol=95: 5) Rf=0.3. 

Example 5 

Preparation of N-f 6-f u-met hoxvbenzovl )amino jhexanovl Glycine ethvl 
ester 

25 

By working analogously to what described in example 2 and by using 
4-methoxyben2oic acid (33 mmoles) and N- (6-aminohexanoyl ) glycine 
ethyl ester (39.5 mmoles), prepared as described in example 3, 
N- 16- t ( A -methoxybenzoyl ) amino ]hexanoyl ] glycine ethyl ester was 
obtained as a crude product, used as such in the subsequent 
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reactions. 

ID. p. 106-107°C 

TLC (methylene chloride:methanol=90:10) Rf=0.46 
5 By working analogously the following compounds were prepared: 

N- f 6- [ (3 . 4-methvlenendioxybenzovl )amino1hex anovl lolvcine ethvl ester 
TLC (methylene chloride: methanols: 10) Rf=0.39; 

N-f6-r(4-methvlsulphonvlben2Qvl)amino1hexan ovnqlvcine ethvl este r 
m.p. 124-126°C 

TLC (methylene chloride:methanol=96:4) Rf=0.31; 

10 

N-f6-f (3-trifluoromethvlben2ovl)amino]hexanovl1qlvcine eth vl ester 
m.p. 102-104°C 

TLC (methylene chloride:methanol=95: 5) Rf=0.3B. 

Example 6 

15 Preparation of 2-r6-(phenvlmethvlamino)hex vlamino1ethanol 

Sulphuric acid 6N in ethyl ether (40.9 ml; 700 mmoles), prepared by 
mixing sulphuric acid 96% (33 ml) and ethyl ether (100 ml), was 
gradually added to a suspension of N- [ 6- ( benzoylamino ) hexanoyl ] gly- 
cine ethyl ester (46.8 mmoles), prepared as described in example 2, 
and sodium boron hydride (700 mmoles) in anhydrous tetrahydrofuran 

20 

(200 ml), kept under stirring at a temperature comprised between 
15°C and 20°C. 

The reaction mixture was brought at boiling temperature for 24 hours 

and, subsequently, cooled at 0°C. 

Methanol (150 ml) was then added under stirring. 

25 

The solvent was evaporated at reduced pressure and the residue was 
collected with a solution of sodium hydroxide 6N (200 ml), keeping 
the resultant mixture at the boiling temperature for 24 hours. 
The reaction mixture, cooled at room temperature, was then extracted 
with tetrahydrofuran (2x100 ml) and the organic phase was evaporated 
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to dryness, collected with ethyl acetate and dried on sodium 
sulphate. 

Through acidification with an etheral solution of hydrochloric acid 
5 a precipitate constituted by 2-[6-(phenylmethylamino)hexylamino]- 
ethanol as hydrochloride salt was obtained* 

The thus obtained product was used as such in the subsequent reac- 
tions. 

By working analogously the following compounds were prepared: 
?- \ lz tphenvlmethvlaroino) ethyl amino lethanol ; 

10 

7>rA-(?-phenvleth vlamino)hexvlaroino1ethanol: 

/;-rA-(Dh g nvlmethvlaroino)hexvlamino1hexanQl: 

2-fS-(phenvlmethvlamino)p entvlamino)ethanol: 

2- f9-(phenvlmethvlamino)octv lamino1ethanol: 

5- f6-(phenv]methvlamino)hexvlaminolPent9ng l; 
* - r 3 - ( phgnvlme thvlamino ) propyl amino 1 hexanol ; 
^-r6-(phenvlmethvlamino)hexvlatnino]propanol ; 

3- f 4- (phenvlmethvlamino)bu tvlaminolpropanol : 
6~f2-(phenvlmeth vlamino)ethvlaminolhexanol; 

6- rN>isopropvl-4'(phenvl methvlamino)butvlaminolhexanol; 

20 

2-f6-r (4-fluorophenvl)meth vlamino1hexvlamino]ethanQl: 

2-f 6- [ u-methoxvphenv I ) methvlaminolhexv lamino 1 ethane! : 

?- f 6- T ( 3 . 4-methvl enedioxvph envl )methvlamino Ihexvlaminolethanol ; 

2-f6-f (3-trifluoromethvlph envl)methvlamino1hexvlaminolethdnol; 

o-f^-r(4-mgthvlsu3phonvlphenv l)methvlaminolhexvlamino1ethanol: 

25 

A-rN-isoproPvl-^-CN'-isopropvl-N'-Phenvlm Qthvlaminojbutvlaminolbuta- 
nol . 

Example 7 

Prpoaration of A- f N-acetvl -6- (N 1 -ace tyl -N' -Phenvlmethvl amino )hexvl* 



30 



WO 96/18633 



- 27 - 



PCT/EP95/04315 



Triethylamine C 1.95 ml; 14 mmoles) and a solution of acetyl chloride 
(0.62 ml; 8.69 mmoles) in methylene chloride (5 ml) were gradually 
added to a suspension of 6-[6-(phenylmethylamino)hexylamino]hexanol 
5 (1 g; 2.6 mmoles), prepared as described in example 6, in methylene 
chloride (15 ml), kept under stirring at 0°C. 

After one hour under stirring at 0°C, the reaction mixture was 
brought at room temperature and kept under stirring for other 16 
hours. 

The reaction mixture was then washed with a solution of hydrochloric 
acid at 10% (10 ml) and with a saturated solution of sodium chlo- 
ride. 

After separation of the phases, the organic phase was dried on 
sodium sulphate and evaporated to dryness under vacuum, obtaining 
thus 6-[N-acetyl-6-(N , -acetyl-N'-phenylmethylamino)hexylamino]hexyl 
acetate (1.18 g) as an oil, used as such in the subsequent reac- 
tions. 

By working analogously the following compound was prepared: 
2-[N-^^tvl-6-[N , -acetvl-N , -(2-Phenvlethvl)aminolh exvlamino^thvl 

acetate. 

Example 8 

PrgPamiOTI Of 6-fN-ethvl-6-(N i -ethvl-N'-phenvlmethvlam ino)hexvlAm- 
inolhexanol 

By working analogously to what described in example 6 and by using 
6-[N-acetyl-6-(N , -acetyl-N r -phenylmethylamino)hexylamino]hexyl 
acetate, prepared as described in example 7, 6-[N-ethyl-6-(N'~eth- 
yl-N , -phenylmethylamino)hexylamino)hexanol was prepared. 
By working anlogously the following compound was prepared: 
2-fN-et hvl-6-rN'-ethvl-N'^2^ 

Example 9 



20 



25 
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p rf Pflr AHon of 2- rN>h g n2vloxvcarbonvl-6- (N T ■benzvlQXYC9rt)pnvI-N' - 
-Php n vl me thvlamino ) hexvl amino 1 ethanol 

A solution of sodium hydroxide 1N (44.5 ml) and a solution in 
5 toluene at 50% of benzyl chlorof ornate (44.5 ©moles) in ethyl 
acetate (33 ml) were gradually and contemporaneously added to a 
solution of 2-[6-Cphenylmethylamino)hexylamino)ethanol dihydrochlo- 
ride (18.5 mmoles), prepared as described in example 6, in a solu- 
tion of sodium hydroxide 1N (37.1 ml) and ethyl acetate (40 ml), 
kept under stirring at a temperature of 0°C. 

10 

At the end of the additions, the reaction mixture was brought at 
room temperature and kept under stirring for 24 hours. 
After separation of the phases, the aqueous phase was washed with 
ethyl acetate (2x50 ml). 

The collected organic phases were washed with a saturated solution 

15 

of sodium chloride (50 ml), dried on sodium sulphate and evaporated 
to dryness under vacuum. 

2-tN-benzyloxycarbonyl-6-(N , -benzyloxycarbonyl-N f -phenylmethylaroi- 
nOhexylaroinolethanol was thus obtained as an oil, used as such in 
the subsequent reactions. 

20 

TLC (ethyl acetate:hexane=50: 50) Kf=0.20. 

By working analogously the following compounds were prepared: 
?>rN>b^n2vloxvcarhonvl-2'(N t 'ben2vlo x vcarbonvI-N t -PhenvlmethvlamX" 

aal&I h Yl ^m? n " 1 * thanol 

TLC (ethyl acetate :hexane=60: 40) Rf=0.25; 

25 6- rw -ben2Vloxy*arhonvl- * -<N^ 
inft^frxvlaminolhexanol 
TLC (ethyl aceate:hexane=50:50) Rf=0.27; 
A-rfl-frpn?vloxvcarhnnvl-5-(N^ 
in o)pentvlami po1hexanol : 
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2- rN-benzvloxvcarbonvl-5- <N' -ben2vloxvcarbonvl-N ' -phenvlmethvlam- 
ino)pentvlamlno1ethanol ; 

2-[N-b€n2vloxvcarbQnvl'8-(N t -ben2vlQXVcarbonv l-N'-Dhenvlroethvlam- 
5'fN-ben2vloxvcarbonvl-6-(N < -ben2vloxvcarbQnvl-N'-phenvlmethvIan)~ 

4nQ)hex.viQgiinQ]pentflnpl ; 

6- EN-benzYloxycarbonvl-3- (N f -benzvloxvcarbonvl-N' -phenyl m ethvlam- 
Q 3- [ N-benzvloxvcarbonvl -6-(N' -benzvl oxvcarbonvl -N ] -phenvlmethvl nm- 

ing?hexvlenting]prc>pengl ; 

S-EN-benzvloxvcarbonyl-A-CN'-benzvloxvcarbonvl- M'-phenvlmethvlam- 

inpJbvWlefflinvlprvPanvI ; 

^[N-isPPrQPvl"2-fN T -ben2vlQXvcarbonvl-N T -(2-phenvlethvl)amino1eth> 

5 ylminaJlifimDfli 

TLC (methylene chloride : me thanol :ammonia= 95: 5:0.5) Rf=0.33; 
^-[N-benzvlQXycarbQnvl-4-CN T -iSQPrQPyl-N'-phenvlmethvlamino)butvlam" 
. inolhexanol 

TLC (methylene chloride : methanol :ammonia=95: 5:0. 5) Rf=0.42; 
3 ^'[N'benzvloxvcarbonvl-6>rN T ~benzvloxvca rbQnvl-N T >r(^-fluorophenyl)- 

methvllamApglhexvlaminplethQngI 

TLC (ethyl acetate :hexene=60: 40) Rf=0.35; 

2- [ N-benzvloxvcarbonvl -6- f N ; -benzvloxvcarbonvl - w r - I ( 4-methoxvphen- 

y^methytiamtnol^exylwinplcthengl 

TLC (ethyl acetate :hexane=50: 50) Rf=0.2; 

2- f N-benzvloxvcarbonvl z£zlHl -benzvloxvcarbonvl -N ' - f ( 3 . 4-meth v 1 enedi - 
oxvphenvl )methvl laminolhexvlaminolethanol 
TLC (ethyl acetate :hexane=60: 40) Rf=0.26; 

2-rN-ben2vloxvcarbonvl~6-fN , -benzvloxvcarbonvl>N T -r (3-trif luorometh- 
ylphenvDmethvllaminolhexylaminolethanol 
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TLC (ethyl acetate:hexane=50:50) Rf=0.25; 

?- f N-benzvloxvcarhonvl -6- f N ' -benzvloxvcarbonvl-N ' - f ( 4-methvlSUlPhon- 
vlohpnvl )methvl lamino Ihexvlaminolethanol 
5 TLC (ethyl acetate :hexane=90: 10) Rf=0.36. 

Example 10 

Preparation of 2- f N-benzv loxvearbonvl -6-<N T -ben2vloxvcarbonvl zM ! = 

P hfpvlmPthvlamino)hpyvlamino1ethvl-roethanesulPhonate 

A solution of methanesulphonyl chloride (3.16 mmoles) in methylene 

chloride (5 ml) was gradually added to a solution of 2-[N-benzyloxy- 

10 

carbonyl-6-(N f -ben2yloxycarbonyl-N , -phenylroethylamino)hexylamino]- 
ethanol (2.6 mmoles), prepared as described in example 9, in meth- 
ylene chloride (15 ml) containing triethylamine (0.44 ml; 3.16 
mmoles), under stirring and at a temperature of 0°C. 
The reaction mixture, brought at room temperature and kept under 

15 

stirring for 5 hours, was added to a solution of hydrochloric acid 
at 5% (20 ml). 

After separation of the phases, the organic phase was washed with 
hydrochloric acid at 5% (10 ml) and with a saturated solution of 
sodium chloride (3x10 ml). 

20 

The organic phase was then dried on sodium sulphate and evaporated 
to dryness affording thus 2-[N-benzyloxycarbonyl-6-(N' -benzyloxycar- 
bonyl-N 1 -pheny Iroethy lamino ) hexy lamino ] ethyl -methanesulphonate , used 
as such in the reaction of the following example. 

Example 11 

25 Erythromycin a m^-r o-^-rN-benzvloxvcarbonvW-W' -benZVlWYCer- 
hom/l-N ' -phenvlmethvlamin o)hexvlamino1ethvl loximel 
Erythromycin A (E)-9-0-oxiroe (627 mg; 0.84 mmoles), 19-crown-6 ether 
(220 mg; 0.84 mmoles) and a solution of 2-[N-benzyloxycarbonyl-6- 
- ( N 1 -benzyloxy carbony 1 -N r -pheny Ime thy 1 amino ) hexy lamino ] ethyl -roeth- 

30 



WO 96/18633 



PCT/EP95/04815 



- 31 - 

anesulphonate (0.84 wnoles), prepared as described in example 10, in 
anhydrous tetrahydrofuran (5 ml) were respectively added to a sus- 
pension of potassium tert-butylate (103 mg; 0.92 wnoles) in anhy- 
5 drous tetrahydrofuran (5 ml), kept at room temperature under stir- 
ring and nitrogen atmosphere. 

The reaction mixture was kept under stirring at room temperature for 
20 hours and, subsequently, evaporated at reduced pressure. 
The residue was collected with ethyl acetate (10 ml) and the thus 
]q obtained mixture was washed with a saturated solution of sodium 
chloride (10 ml). 

The aqueous phase was extracted with ethyl acetate (2x10 ml) and the 
collected organic phases were dried on sodium sulphate and evapo- 
rated to dryness. 

15 Erythromycin A (E)-9-[0-[2-[N-benzyloxycarbonyl-6-(N f -benzyloxycar~ 

bonyl-N , -phenylmethylamino)hexylamino]ethyl]oxime) was thus obtained 

and used as such in the subsequent reactions. 

TLC (methylene chloride:methanol:ammonia=90:9:1 ) Rf=0.58 

Mass (C.I.) <M+H)~=1250; 
20 1 H-NMR (200MHz, CDCl*): 6 (ppm): 7.38-7.10 (m, 15H, aromatics); 

5.18-5.10 (m, AH f 2 CHaPh); 3.30 (s, 3H, 0CH 3 ); 2.26 (s, 6H, 2 

NCH 3 ); 0.81 (t, 3H, Ctij£H a ) . 

By working analogously the following compounds were prepared: 
Erythromycin A ( E ) -9- f 0- [ 2- f N-benzv loxvcarbonvl -2- ( N 1 - benzv loxvcar- 
25 bonvl-N t -phenvlmethvlamino)ethvlamino1ethYl1oxime1 

TLC (methylene chloride:methanol:ammonia:90:10:1 ) Rf=0.5; 
n H-NMR (200MHz, CDCl,): 6 (ppm): 7.11-6.97 (m, 15H, aromatics); 
5.18-4.97 (m, 4H, 2 CHaPh); 3.30 (S, 3H, 0CH a ); 2.25 (s, 6H, 2 
NCH 3 ) ; 0.82 (t, 3H, qfcLCH a ); 

Erythiwcio A <E?-?-[Q-[6-rN-frgnmowc3rto^^ 
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fmnvl - W ' -phpnvlmet hvl ami no ihexvlaminolhexvl 1 oximel 
TLC (methylene chloride:methanol:amnonia:?0:lO:l ) Rf=0.6; 
■•H-NMR (200MHz, CDCl,): 6 (ppm): 7.27-6.96 <m, 15H, aromatics); 
5 5.05-4.92 (m, AH, 2 CHaPh); 3.17 (s, 3H, 0CH 3 ); 2.13 (s, 6H, 2 
NCH a ); 0.70 (t, 3H, CibCH a >; 

F mrrTT y r -in a (Ei- y -rn-rA-fN-b^vloxvcarbonYl-S^N'-benZYlgXYCSr- 
^ nY l -W -Dhpnvlme thY 1 amino)propvlamno1hexvl loximel 
TLC (methylene chloride :methanol: ammonia: 90:10:1 ) Rf=0.65; 
10 Mass (C.I.) (H*H)*=1194; 

^H-NMR (200 MHz, CDCl 3 >: 6 (ppm): 7.39-7.01 <m, 15H, aromatics); 
5.17-5.02 (m, 4H, 2 CHaPh); 3.30 (s, 3H, 0CH 3 ); 2.27 (s, 6H, 2 
NCHs ) ; 0.82 (t, 3H, CHjCH a ); 

Fr Yth f ^Y" 1 " ft (E)-9- TO- r &-(N- p pn7vloxvcarbonvl-5- (N' -hpn7Ylo?(YC9r- 
15 hftnv 1 -N ' - phonvl methyl a mi no ) pent vl ami no 1 heXY 11 OXime 1 i 

Fr Yth r> ff , Y r ip a ( E ) - o- f n- f ?- f N-bPn 7 vl oxvcarbonvl -8- ( N • -benzYlP*Y«r- 
v^ n Y l -w -phPnvlme t hvlaminOoctvlatninolethYl iPXimel ; 
P pyj-^yrin a (E)- q- f n- r ?-r N-bfwvloxvcarbonvl -5- <N I -frenzyloxYcar- 
hnn yl -w -phenvlmf thvlamino >ppntvlamino1ethvl loximel ! 
20 Frvthromvcin a rF^9-f0- r ^-(N-bPn2vl O XYrarbonvI-6-(N'-hfn<:Yl0?(YCgr- 

h^ n Y i -jj ■ -phpnvlmet h Y 1 "° > hexv1 ami nol Pentv 1 1 oxime 1 ; 

F mhrr ^-in a (F,>-9 - fn-n-fw-b e n7vloxvcarbonYl-6-(N , -frgnafYloxYC3r- 

K ?n Y } -w -phpnvlmethv lannno )hexvlamino1prOPYl lOXimeJ; 

F rY ^ r ^ V r-in a ( E)- « >- f n- f i-r N-ben7vloxvcarbonv1 -4- <N' -benzYlPXycgr- 
oc h nnvi -N- -phe n vi mpthviamino )butvl8tnino1 propyl lox i me] ; 

CO 

F mh T » PY"" A (E)- " -fo-rA-fw-ben7vloxYcarbonv1-?-rN , -frenzvloxYC3r- 

w rn y|-M--p- P hpnvlethvl) a mino1ethv1amino1hexYn0Xime1 

ID.P. 74-76°C 

Mass (C.I.) (M*H)*=1172 

"'H-NMR (200 MHz, CDCl a ): 6 (ppm): 7.38-7.03 (m, 10H. aromatics); 
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5.13-5.03 (m, 2H, CHaPh); 3.29 (s, 3H, OCH 3 >; 2.25 (s, 6H, 2 NCH 3 >; 
Erythromycin A (E )-9-fQ>r6-rN-ethvl-6>(N'-ethvl-N^phenvlmethvlami- 

nv?hexYlaminQ]hexYl1 ?oxitne] (compound 1 ) 

5 m.p. 80-82°C (acetonitrile) 
Mass (C.I.) (M+H)-=1094 

ia C-hWR (50MHz, CDClj) : 6 (ppm): 175.20; 171.35; 140.06; 128.86; 
128.07; 126.62; 102.96; 96.27; 53.54; 

Erythromycin A <E) -9-ro-f2-[N-ethyl-6>rN^ethyl-N^(2-phenylethvl)- 
10 amino 1 hexv 1 amino 1 et hvl 1 ox ime 1 (Compound 2) 

TLC (chloroform:hexane:triethylamine=45:45:10) Rf=0.2 
Mass (C.I.) <M*Hr=1052 

"•H-NMR (200 MHz, CDCl 3 ): 6 (ppm): 7.26-7.04 <m, 5H, aromatics); 3.22 
(s, 3H, 0CH a ); 2.20 (s, 6H t 2 NCH,); 0.79 (t. 3H f CHafM*); 
15 Erythromycin A (E)-9-f 0-f 6- f N-benzvloxycarbonyl-4- (IT - isoproPvl-N' - 
-phenylmethylam ino)butylamino1hexyl1oxime1 
m.p. 75-77°C 

n H-NMR (200 MHz, CDC1 3 ) : 6 (ppm): 7.47-7.12 (m, 10H, aromatics); 
5.18-4.97 (m, 4H, 2 CUaPh); 3.30 (s, 3H, OCH,); 2.25 (s, 6H, 2 

20 NCH 3 ) ; 0.82 (t, 3H, CUaPHa); 

Erythromycin A ( E ) -9- 1 0- 1 2- [ N-benzvloxvcarbonvl-6- f N ' -benzvloxycar- 
bonvl-N'-f (4-fluorophenyl)methvl1amino1hexylamino1ethvl1oxime1 
TLC (methylene chloride:methanol:ammonia=90:10:1 ) Rf=0.62 
1 H-NMR (200 MHz, CDCl,): 6 (ppm): 7.38-6.88 (m, 15H, aromatics); 

25 5.17-5.03 (m, 2H, CHaPh); 3.29 (s, 3H f OCH3); 2.26 (s, 6H, 2 NCH*); 
0.81 (t, 3H, ClUCHa); 

Erythromycin A (E ) -9- f 0- \ 2- f N-benzyloxvcarbonvl-6- f N ' -benzyloxvcar- 

bonvl-N^r(4-methoxvphenyl)methvl1amino1hexylamino1ethvl1oxime] 

TLC (methylene chloride:methanol:ammonia=45:45:lO) Rf=0.3 

n H-NMR (200 MHz, CDCl,): 6 (ppm): 7.40-7.23 (m, 10H, 2 Eh.CH a 0); 
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7.20-6.75 (m, 4H, EhOCH 3 ); 5.52-5.17 (m, 4H, 2 CbtaPh); 3.77 (S, 3H, 
PhOCHjJ; 3.29 (s, 3H, 0CH 3 >; 2.25 (S, 6H, 2 NCH 3 ); 0.82 (t, 3H, 

C HmC Ha ) « 

5 p rr vthromvcin a ( E ) -9- f o- r 2- rN-benzvloxvcarbonvl-6- f N I -benzvloXYCar- 
t^ nyi -r (3 , 4-m e thvlgnedioyvohenvl ) methv 11 amino 1 hexv 1 amino 1 ethyl 1- 

oximel 

TLC (methylene chloride:methanol:ammonia=95:5:0.5) Rf=0.31 
••H-NMR (200 MHz, CDCl,): 6 <ppcn>: 7.38-7.22 (tn, 10H, 2 EhPH 2 0>; 
10 6.78-6.55 (tn, 3H f aromatics); 5.90 (s, 2H, OCH a O); 5.15-5.02 (m, AH, 
2 CHaPh); 3.29 (s, 3H t OCH 3 >; 2.26 <S t 6H, 2 NCH 3 ); 0.82 (t, 3H f 

E gflaSBttCiD A (E >-9-ro-r2-rN-bPnzvloxvcarbonvl-6-[N , -benZYlQXYCar- 
honvl-N'-f (3-trif luoromothvlphenv l >methvl1amino1hexvlamino1ethvl1- 
15 oximel. 

TLC (methylene chloride:methanol:ammonia=90:10:1 ) Rf=0.65 
""H-NMR (200 MHz, CDCl 3 ): 6 (ppm): 7.54-7.15 (o>, UH, aromatics); 
5.20-5.03 (m, AH, 2 CUaPh); 3.30 (S, 3H, OCH 3 ); 2.26 (S, 6H, 2 
NCH 3 ); 0.82 (t, 3H, CHaCH a >; 
20 Frvthromvr in A ( F. ) -9- f n- f ?- f N-ben7Vloxvcarbonvi -6- \ N ' -bpnZYloxVCar- 
fwwl -N' -f ( A-meth v l gnlphonvlDhonvDmethvl laminolhexvlaminolethYl ] - 
oximel 

TLC (methylene chloride:methanol:ammonia=95:5:0.5) Rf=0.5 

1 H-NMR (200 MHz, CDCl 3 ) : 6 (ppm): 7.90-7.79 (m, AH, EhgO a CH 3 >; 

7.48-7.15 (m, 10H. 2 PhCHaO) ; 5.19-5.03 (m, 4H, 2 CHaPh); 3.30 (S, 

Z5 

3H, 0CH 3 >; 3.02 (S. 3H, CH 3 SO a ); 2.27 (s, 6H, 2 NCH 3 ); 0.82 (t, 3H. 
CHaCHa); 

Erythromycin a (E)- o-rn-f4-fN-ifi QP roPvl-4-(N'-iqopropyl-N , -PhgnYl- 

m P thvlamino) hntvlamino1butvnoxime] (Compound 3) 
m.p. 83-85°C (hexane) 
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Mass (C.I.) (M+H)~=1066 

'•H-NMR (200 MHz, CDC1,): 6 (ppm): 7.37-7.10 (m, 5H, aromatics); 3.50 
(s f 2H, CUaPh); 3.30 (S f 3H t OCH,); 2.26 (s, 6H, 2 NCR,); 0.82 (t, 
5 3H, ClUCHa). 

Example 12 

Preparation of Erythromycin A (E)-9-ro-f 2- T 6- (phenvlmethvlamino) hex- 
vlaminolethvlloximel (Compound 4) 

Palladium on charcoal at 10% (750 mg) was added to a solution of 
10 Erythromycin A (E)-9-[0-[2-[N-benzyloxycarbonyl-6-(N , -benzyloxycar- 
bonyl-N ' -pheny lmethy lamino ) hexy lamino ] ethyl ] oxime ] (5.9 mmoles ) , 
prepared as described in example 11 , in ethanol (150 ml). 
The thus prepared mixture was placed into a Parr hydrogenator loaded 
with hydrogen (1 bar) and kept under stirring at room temperature. 
15 After 7 hours the catalyst was filtered off and the alcoholic solu- 
tion was evaporated to dryness. 

Erythromycin A ( E ) -9- [ 0- [ 2- [ 6- ( pheny lmethy lamino )hexy lamino] ethyl ] - 
oxime], purified by silica gel chromatography (eluent methylene 
chloride:methanol:ammonia=90:10:i ) was thus obtained. 

20 Mass (C.I.) (M+H)~=982 

^C-NMR (50 MHZ, CDCla) : 6 (ppm): 140.48; 128.39; 128.11; 126.88. 
By working analogously the following compounds were prepared: 
Erythromycin A (E)-9-f 0- f2-[2-( phenvlmethvlamino ) ethvlamino 1 ethv 1 1 - 
oxime 1 (Compound 5) 

25 ia C-NMR (50MHz, CDCl 3 ): 6 (ppm): 176.51; 172.36; 140.96; 129.08; 
128.95; 127.67; 103.84; 96.86; 53.35; 

Erythromvc in A ( E)-9-f 0-f 6-f 6-< Phenvlmethvlamino ) hexy lamino lhexvl 1 - 
oxime 1 (Compound 6) 
Mass (C.I.) (M+H)*=1038 

""^C-NMR (50 MHz, CDCl,): 6 (ppm): 175.24; 171.31; 140.33; 128.37; 
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128.13; 126.89; 102.92; 96.27; 54.01; 

r prtftp^ypn A ( E )-9 - ff>-fA-f3-(DhAnv1 m i>thvlainino)PrQPVlaminQlheXYll- 
oximel (Compound 7) 
5 Mass (C.I.) (M+H>*=995 

13 C-NMR (50 MHZ, CDCl,): 6 (ppm): 175.15; 171.37; 140.41; 128.38; 
128.09; 126.89; 102.92; 96.27; 54.04; 

F m ^ r ri n a ( F.)-9-r o -fA-rs-(phgnvlmethvlamino)PPnrYlfltninQlheKY l ]- 

oximel (Compound 8) 
10 1 H-NMR (200 MHz, CDCl,): & <ppm>: 7.35-7.15 (m, 5H, aromatics); 3.75 
(S, 2H. CH a Ph); 2.25 (S, 6H, 2 NCH, > ; 0.81 (t, 3H, CH^CH,); 

Yr t^ ^ rY^ n a ( e > -9 - r n- r ? - f a- ( phenvlmethvlanino 1 ortv } amino 1 ethv 1 3 - 
oximel (Compound 9) 

^H-NMR (200 MHz, CDCl,): 6 (ppm): 7.40-7.15 (m, 5H, aromatics); 3.75 
15 (S, 2H. CHaPh); 3.29 (s. 3H, OCH,); 2.25 (S, 6H t 2 NCH,); 0.82 (t, 
3H. CibCHa); 

^Y^ r^ Y" n a (E ) -o- f n- ( ?- r 5- ( phpnvimethvi ami no >pentvl ami no 1 ethvl 1 - 
oximel (Compound 10); 

■"C-NMR (50MHz, CDCl,): & (ppm): 174.96; 172.00; 140.31; 128.39; 
20 128. 14; 126.93; 103.16; 96.20; 53.98; 

frY thrn,wrin A (E)-o- To-f B-f 6- ( phPnvlmethv1amino)hexy]aminQlPgPtYl 1 - 

oximel (Compound 11); 

^C-NMR (50 MHZ, CDCl,): 6 (pom): 175.24; 171.24; 140.41; 128.38; 
128.13; 126.88; 102.97; 96.28; 54.06; 

E pahcs B PtciD A (E)-9 -FQ-^-^-(phpnvimethvlamiPQ)hg?(YlgRinolprQPYl]- 

25 

oxitne! (Compound 12); 

"••C-NMR (50 MHz, CDCl,): 6 (ppm): 175.23; 171.46; U0.45; 128.39; 
128.13; 126.88; 102.99; 96.29; 50.06; 
FrvT K r?r Yr i p a cE)-9 -rp-^-r*-ephenvlnw^^ 
oximel (Compound 13); 
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13 C-NMR (50MHz, CDCI3): 6 (ppm): 175.22; 171. 45; 140-35; 128.39; 
128.13; 126.90; 102.98; 96.26; 53.94; 

Erythromycin A (E)-9-f 0-f 6-rN-isopropvl-2-(2-phenvlethvlamino)ethvl- 
5 aminolhexvlloximel (Compound 14) 
m.p. 93-95°C 
Mass (C.I.) (M+Hr=1038 

"••C-NMR (50 MHz, CDC1,): 6 (ppm): 174.92; 170.96; 139.71; 128.42; 
128.10; 125.79; 102.62; 95.94; 50.93; 
10 Erythromyci n A (E)-9-ro-f6-f 4-(N-isopropvl-Phenvlmethvlamino)butvl- 
amino Ihexvl loxime 1 ( Compound 15) 
m.p. 78-80°C 
Mass (C.I.) (M*H)*=1052 

13 C-NMR (50 MHz, CDCI3): 6 (ppm): 175.47; 171.30; 140.95; 128.61; 
15 128.02; 126.70; 116.87; 102.94; 53.94; 

Erythromycin A (E)-9-ro-r2-r6-f (4-f luoroohenvl ) met hvl amino Ihexvl ami - 
nolethvlloximel (Compound 16) 
Mass (C.I.) <M-H)*=999.5 

13 C-NMR (50MHz, CDCl 3 ): 6 (ppm): 161.88; 136.06; 129.65; 115.14; 
20 Erythromycin A (E)-9-f 0-F 2-1 6- \ (4-methoxvPhenvl )methvl amino Ihexvl- 
api^nQkthYllQXj,ff)el (Compound 17) 
Mass (C.I.) (M*H)*=1011 

""C-NMR (50 MHz, CDC1 3 ): 6 (ppm): 158.57; 132.58; 129.31; 113.76; 
Erythromycin A ( E ) -9- f 0- f 2- f 6- f ( 3 . 4-methvlenedioxvphenvl )methvlami - 
25 nolhexvlam inolethvlloximel (Compound 18) 
Mass (C.I.) (M+H)~=1025 

n:i C-NMR (50 MHz, CDCl 3 ): 6 (ppm): 147.65; 146.44; 134.39; 121.18; 
108.66, 108.06; 

Erythromycin A (E)-9-T0- t 2-f 6-f ( 3-trif luoromethvlphenvl )methvlami - 
_ nolhexvlaminolethvnoximel (Compound 19) 
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Mass (C.I.) (M*H)-=1050 

^C-NMR (50 MHz. CDCl,): & (ppm): 141.57; 131. AO; 130.63; 128.76; 
124.22; 124.72; 123.56; 

5 ^hroMvein ft f p>-9-fo- r?-rA-f(A-m«>thvisulPhQnvlPhpnvl)methY l affii- 
n p- lhAwlamin^ lftthvl loximel (Compound 20) 
Mass (C.I.) (M*H)*=1059 

"C-NMR (50 MHz. CDCl,): 6 (ppa»: 147.23; 138.97; 128.79; 127.49. 

Example 13 

10 proration ftf rJ-h»n7vloxvcarbonvl-6-ffflUnvhex . anol 

Benzyl chloroformate (50% in toluene; 84.8 ml; 0.256 moles) in ethyl 
acetate (171 ml) and a solution of sodium hydroxide 1N (256 ml) were 
gradually and contemporaneously added to a mixture of 6-aminohexanol 
(25 g; 0.21 moles) in ethyl acetate (250 ml) and water (200 ml). 

15 kept under stirring at 0°C. 

The reaction mixture ( P H 9) was brought at room temperature and kept 
under stirring for 5 hours. 

After separation of the phases, the aqueous phase was washed with 

ethyl acetate (200 ml). 
20 The collected organic phases were then washed with a saturated 
solution of sodium chloride (150 ml), dried on sodium sulphate and 
evaporated to dryness. 

The residue was collected with ethyl ether (300 ml) and the formed 
precipitate was filtered and dried under vacuum at 50°C, affording 
thus N-benzyloxycarbonyl-6-aminohexanol (44.5 g). 
m.p. 80-82°C. 

Example 14 

TY-P ^P ^ n nf N-bep 7 vinxvparbonv1-6-amino-hgxanal 

A solution of potassium bromide (1.89 g; 16 mmoles) in water (31 ml) 

was added to a solution of N-benzyloxycarbonyl-6-aminohexanol (AO g; 
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0.159 moles), prepared as described in example 13, in methylene 
chloride (600 ml) containing the free radical 2,2,6,6-tetramethyl- 
piperidinooxy (TEMPO) (0.248 g; 1.6 mmoles). 
5 A solution of sodium hypochlorite (215 ml), prepared by mixing a 
solution of sodium hypochlorite at IX (240 ml) with sodium bicar- 
bonate (4.22 g) and hydrochloric acid at 5% (5 ml), in order to 
reach pH 8.7 f was gradually added to the reaction mixture, kept 
under stirring at a temperature of 10°C. 
]q At the end of the addition, after separation of the phases, the 
organic phase was washed with methylene chloride (2x200 ml), dried 
on sodium sulphate and evaporated to dryness. 

N-benzyloxycarbonyl-6-amino-hexanal (39.45 g) was thus obtained as 
an oil. 

15 TLC (ethyl acetate:hexane=1 : 1 ) Rf=0.41. 

Example 15 

Preparation of 2-[6-<benzylmcar»wnYlaning>hexYlfl[nin<?kthdngl 

A mixture constituted by N-benzyloxycarbonyl-6-amino-hexanal (35 g; 
0.14 moles) and 2-aminoethanol (51.3 g; 0.84 moles) in ethanol (250 
20 ml), in the presence of molecular sieves (3 A), was kept under 
stirring at room temperature for two hours. 

The reaction mixture was then filtered on celite and sodium boron 
hydride (6.33 g; 0.168 moles) was added to the resultant solution. 
After 4 hours under stirring at room temperature, the reaction 
25 solvent was evaporated under vacuum and the residue was collected 
with water (500 ml) and ethyl acetate (500 ml). 

After separation of the phases, the aqueous phase was further ex- 
tracted with ethyl acetate (200 ml). 

The collected organic phases were washed with a saturated solution 
of sodium chloride (250 ml), dried on sodium sulphate and evaporated 

30 
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to dryness, obtaining thus 2-t6-<ben2yloxycarbonylamino)hexylamino]« 
ethanol (38.36 g). 

TLC (ethyl acetate:methanol:ammonia=10:2:1 > Rf=0.4. 
5 Example 16 

p^p ^tion of 2- r N-bpp?vioxvcarbonvl-6-<benzvlQXYC9r^nYl«ning?hCT- 

YlfminQlethanvl. 

By working analogously to what described in example 9 and by using 
2 - 1 6 - ( benzy loxy carbony 1 amino ) hexy lamino ] e thano 1 (38.3 g; 0.13 
10 moles), prepared as described in example 15, 2-[N-ben2yloxycarbonyl- 
6-(benzyloxycarbonylamino)hexylamino]ethanol was obtained as an oil. 
TLC (ethyl acetate:hexane=65:35) Rf=0.45 

Example 17 

Prepa ration of 2-[ N -hPn 7 vioxvcarbonvl-6-(ben7Yl9wcgrbonvI^ino?hey- 

15 yl ^inol eth yl -methanesulphonate 

By working analogously to what described in example 10 and by using 
2-[N-benzyloxycarbonyl-6-(ben2yloxycarbonylamino)hexylamino]ethanol 

(20 g; 47.8 mmoles), prepared as described in example 16, 2-[N-ben- 
zyloxycarbonyl-6-(benzyloxycarbonylamino)hexylamino]ethyl-methane- 

2 0 sulphonate (24.35 g) was obtained as an oil, used as such in the 

subsequent reactions. 

Example 18 

EEgESga iisn pj Ery t hromycin A <K)-V-r0-f2-rN-benCTl9OTQf»rtQnY^'6- 
-(hpn7yloxYr^bonvlam ino)hexylamino1ethYnoxi m el 

Bv working analogously to what described in example 1 1 and by using 

25 

2-[N-ben2yloxycarbonyl-6-(benzyloxycarbonylamino)hexylamino]ethyl-m- 
ethanesulphonate (24.25 g; 47.8 mmoles), prepared as described in 
example 17, after silica gel chromatography (eluent methylene chlo- 
ride : methanol :awnonia=95: 5:0.5) , Erythromycin A (E)-9-[0-[2-[N-ben- 
zyloxycarbonyl-6- (benzy loxycarbonylamino)hexylamino]ethyl]oxime] 
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(36.1 g) was obtained. 

TLC (methylene chloride:methanol:an)monia=85:l5:l .5) Rf=0.5 
"•H-NMR (200 MHz, CDCl,): 6 (ppcn): 7.39-7.22 (m, 10H, aromatics); 
5 5.U-5.05 (m, 4H, 2 QUPh); 3.29 (s, 3H, OCH,); 2.25 (s, 6H, 2 
NCH,); 0.80 <t, 3H, CfcipHa). 

Example 19 

Preparation of Erythromycin A (E)- 9-ro-f 2-(6-amino-hexvlamino)eth- 
YllOTlffiel 

]0 By working analogously to what described in example 12 and by using 
Erythromycin A (E)-9-l0-[2- [N-benzyloxycarbony 1-6- ( benzy loxycarbon- 
ylamino)hexylamino]ethyl]oxime], prepared as described in example 
I8 t after silica gel chromatography (eluent methylene chloride: 
methanol : ammonia=85: 1 5 : 1 . 5 > , Erythromycin A ( E ) -9- [ 0- [ 2- ( 6-amino- 

15 -hexylamino) ethyl loxime] was obtained. 

TLC (methylene chloride:methanol:ammonia=85:15:1 .5) Rf=0.2 
n3 C-NMR (50 MHZ, CDCl 3 >: 6 (ppm): 175.18; 171.26; 102.96; 96.28. 

Example 20 

Preparation of Erythromycin A (E)-9-rp-r2-r6-f (2-trif luoromethvl- 
20 Pheny 1 ) meth y 1 amino 1 hexy lamino 1 e t hy 11 ox ime 1 (Compound 21.) 

2-Trifluoromethylbenzaldehyde (0.4 g) and molecular sieves (A. 5 g; 3 
A) were added to a solution of Erythromycin A (E)-9-[0-[2-(6-amino- 
hexylamino)ethyl]oxime] (2 g; 2.24 mmoles), prepared as described in 
example 19, in ethanol (50 ml), kept under stirring at room temper- 
25 ature. 

After 2 hours, the molecular sieves were filtered off and palladium 
on charcoal at 10% (0.2 g) was added to the resultant solution. 
The reaction mixture was placed into a Parr hydrogenator which was 
loaded with hydrogen (1 bar). 

After one hour, ended the hydrogenation reaction, the catalyst was 
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filtered off and the solvent was evaporated. 

The residue was purified by silica gel chromatography (eluent meth- 
ylene chloride:methanol:ammonia=95:5:0.5), thus obtaining Erythromy- 
5 cin A (E)-9-[0-[2-[6-t(2-trifluoromethylphenyl)methylamino]hexylami- 

no ] ethyl] ox imel (2 g). 
Mass (C.I.) <M*Hr=l050 

"C-NMR (50 MHz, CDCl,): 6 (ppm): 139. 14; 131.88; 130.38; 127.58; 
126.81; 125.82. 

10 By working analogously the following compounds were prepared: 

r mh nrnYfi n a ( E> - 9-rn-r9-r6-(3-pvridvlmethYlan<ino?hg«Y l flminv]- 
Athvlloximel (Compound 22) 
Mass (C.I.) (M+H)*=982 

"C-NMR (50 MHz. CDCl,): 6 (ppm): 149.66; 148.39; 135.81; 123.40; 

15 f r^hromvcin ft <F>-9-f o-f2-f 6-f ( 4-trif luoroim»thYlPhenv1 tmethYlani- 

n n 1hpyvlamin ^?» 1 - hv 1 loximel (Compound 23) 
Mass (C.I.) (M+H)*=1050 

■"C-NMR (50 MHz, CDCl>>: 6 (ppm): 144.73; 128.23; 125.25; 124.26; 
^vt^in a (E)- q -rn-r?-f&-r(?-hvdroxvPhenv1)P'PThYl^in9lhexYl- 
20 apip^lPi-hvlloximel (Compound 24) 
Mass (C.I.) (M+H)-=997 

1 3 C-NMR (50 MHz, CDCl a >: 6 (ppm): 158.37; 128.60; 128.19; 122.54; 
118.88; 116.32; 

^^ m v^-n a (E)- 9 -fn-r9-f6-f(3-hvdroxvPhenvl)iDethYlatnino1he?wl- 
„_ pmin?l°th vl1oximel (Compound 25) 

CO 

Mass (C.I.) (M+H>-=997 

i ac-NMR (50 MHz, CDCl 3 ): 6 (ppm): 157.28; 140.46; 129.56; 119.70; 
115.55; 114.89; 

frrhrrrYr1 n a (F)- 9 -rn-r9-rA-f(4-n.hutoxvPhenYl)nifthYlajnin<?1h^Yl- 
^n^iptpylloximel (Compound 26) 
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Mass (C.I.) (M*H)~=1053 

13 C-NMR (50 MHz, CDCl a ): 6 (ppm): 158.27; 131.65; 129.40; 114*40; 
Erythromycin ft ( E ) -9- f 0- f 2- T 6- C ( 3-phenoxvpheny 1 ) methy lamino 1 hexy 1- 

5 aninplethylloxiine] (Compound 27) 

Mass (C.I.) <M*H)*=1073 

^C-NMR (50 MHz, CDCl 3 ) : 6 (ppm): 157.32; 157.28; 142.69; 129.72; 
129.64; 123.16; 122.91; 118.84; 118.52; 117.29; 

Erythromycin A (E)-9- [ 0- f 2- T 6- f ( 4-hvdroxvphenvl )methvla mino1hexvl- 
10 aminolethylloximel (Compound 28) 
Mass (C.I.) (M*H)*=997 

13 C-NMR (50 MHz, CDCl 3 ): 6 (ppm): 156.49; 130.00; 128.87; 115.88; 
Erythromycin A ( E ) -9- f 0- [ 2- f 6- T ( 4-phenoxvphenvl )methy la mino Ihexvl- 
aroinolethyllPXirog] (Compound 29) 
15 Mass (C.I.) (M+H>~=1073 

^C-NMR (50 MHz, CDC1 3 ): 6 (ppm): 157.43; 156.05; 135.43; 129.69; 
129.49; 123.07; 118.92; 118.72; 118.67; 

EmhrPPIYCin A (E)-9-f0-t2-f6-[ (biphenyl-4-yl)methylami no1hexyl- 

atninolethvlloxime} (Compound 30) 
20 Mass (C.I.) (M+H)~=1057 

1 3 C-NMR (50 MHz, CDC1 3 ): 6 (ppm): 140.94; 139.86; 139.40; 128.74; 
128.58; 127.13; 127.03; 

Erythromycin A (E)-9-f0-r2-r6-r ( 2-furvlmethy lamino )hexvlamino1 - 
ethvlloximel (Compound 31 ) 
25 Mass (C.I.) (M+H)~=971 

1 *C-NMR (50 MHz, CDCl a ): 6 (ppm): 153.92; 141.73; 110.08; 106.81. 

Example 21 

Preparation of Erythromycin A (E)-9-f 0-f2-f 6-t (3.5-dichloro-?-hvdro- 
IfyphCTYpFnethYl^ (Compound 32) 

Molecular sieves (6 g; 3 A) and 3, 5-dichloro-2-hydroxybenzaldehyde 
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(0.535 g; 2.8 wnoles) were added to a solution of Erythromycin A 
(E)-9-[0-[2-(6-amino-hexylamino)ethyl]oxime] (2.5 g; 2.8 mmoles)., 
prepared as described in example 19 , in anhydrous ethanol (100 ml). 
5 The reaction mixture was kept under stirring at room temperature 
and, after 2 hours, the molecular sieves were filtered off and 
sodium boron hydride (0.106 g; 2.89 mmoles) was added, portionwise, 
to the resultant solution. 

After 3 hours under stirring, the solvent was evaporated at reduced 
10 pressure and the residue was purified by silica gel chromatography 

(eluent methylene chloride : methanol :ammonia=85: 15:1 .5) obtaining 

thus Erythromycin A (E)-9-[0-[2-[6-[ (3,5-dichloro-2-hydroxyphenyl)- 

methylamino]hexylamino]ethyl]oxime] (2.2 g). 

Mass (C.I.) (M+H)^=1066 
15 1 3 C-NMR (50 MHz. CDCl 3 ): 6 (ppm): 153.43; 128.43; 126.42; 124.41; 

122.91; 121.61. 

By working analogously the following compounds were prepared: 
E m ^nmvrin a tfi l zSzlSlz f 2- [ 6- f ( 2-nitrophfrnvl ^gthylrtpuoQlhgxylSCTi" 
pplethvlloximel (Compound 33) 
20 Mass (C.I.) (M+H)~=1027 

^ 3 C-NMR (50MHz, CDCl 3 ): & (ppm): 149.14; 135.79; 133.13; 131.26; . 
127.87; 124.70; 

Y V V^ V WYrin a ( e ) -9-f o- r 2- \ 6- f ( 3-nit roPhenv 1 ) tngthY^nPlh^vlgtni- 
n^M-hvlloximel (Compound 34) 
oc Mass (CI.) (H>Hr=1027 

CD 

13 C-NMR (50 MHz, CDCl 3 ): 6 (ppm): 148.37; 142.87; 134.17; 129.22; 
122.81; 121.96; 

pr ^p^mvMn a (E) - 9-ro- [2z I 1 < 4-nitrophenvl )rngthYl^ i ng1he«Ylamj- 
nnlPthvlloxime) (Compound 35) 
Mass (C.I.) (M+H)~=1027 
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n3 C-NMR (50 MHz, CDCl,): 6 (ppm): 148.41; 147.00; 128,59; 123.60; 
Erythromycin A (E)-9-ro-r2-f 6-T (4-hvdroxy-3-nitrophenyl)methvlami- 
no Ihexvlamino lethyl loxime 1 (Compound 36) 
5 Mass (C.I.) (M*H)~*1043 

1J C-NMR (50 MHz, CDCl,): 6 (ppm): 157.29; 137.40; 134.05; 128.01; 
125.23; 121.70; 

Erythromycin A ( E ) -9- r 0- f 2- f 6- T ( 3-hydroxy-4-nitrophenvl )methvlami- 
no 1 hexy lamino 1 ethyl 1 oxime 1 (Compound 37) 
10 Mass (C.I.) (M*H)~=1043 

13 C-NMR (50 MHz, CDC1 3 ): & (ppm): 155.50; 151.98; 132.51; 125.13; 
119.67; 118.59; 

Example 22 

Preparation of Errthiwcin ft <E>-9'[Q'[2-[N-^ngthY^6-(N y -^nethY^N , - 
15 'PhenYl{nethYlCTxnQ>hex7lOTin9]ethYl]9xime] (compound 38) 

An aqueous solution of formaldehyde at 37% (2 ml; 26.6 mmoles) and 
palladium on charcoal at 10% (0.82 g) were added, in this order, to 
a solution of Erythromycin A (E)-9-[0-[2-[6-(phenylmethylamino)hex- 
ylamino lethyl] oxime] (2 g; 2 mmoles), prepared as described in 
20 example 12, in a mixture ethanol:water=l :1 (20 ml) kept under stir- 
ring at room temperature. 

The reaction mixture was placed into a Parr hydrogenator loaded with 
hydrogen (1 bar). 

After 2 hours, the reaction mixture was filtered to eliminate the 
25 catalyst and the resultant solution was evaporated to dryness. 

The obtained residue was purified by silica gel chromatography 
(eluent methylene chloride:methanol:ammonia=90:10:1 ) affording 
Erythromycin A <E>-9-[0-[2-[ N-methy 1-6- (N ' -methyl-N T -pheny lmethy 1- 
amino)hexylamino]ethyl]oxime] (1.8 g). 
Mass (C.I.) (M*H)-=1009 
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^C-NMR (50 MHz, CDC1,): 6 <PPm): 139.20; 129.04; 128.17; 126.86. 
By working analogously the following compound was prepared: 
Fr rthrr™"* in A (E>-9-fo-r2>tN -m^thvl-6-fN T -methvl'N , -(4-triflwro- 
5 mPthvlphenvl ^mPthvlaninolhexvlaniinplPthYnCTimg] (Compound 39) 
Mass (C.I.) (M*H)~=1078 

^C-NMR (50 MHz, CDCl,): 6 (ppm): 143.65; 129.12; 129.03; 125.10; 
124.29. 

Example 23 

10 EhaODgffiflifl fiifi activity 

a) in vitro antibacterial activity 

The determination of the minimum inhibiting concentrations (MIC), 
with respect to Gram-positive and Gram-negative bacteria was 
carried out through the micromethod of gradual broth dilution in 

15 double series [National Committee for Clinical Laboratory Stan- 
dards, 1990; Methods for dilution antimicrobial susceptibility 
tests for bacteria that grow aerobically; Approved standards 
M7-A2-NCCLS, Villanova, Pa.], by using Mueller Hinton Broth (MHB) 
as a culture medium. 

2 0 In the case of exigent bacteria, horse serum at 5% (Streptococcus 
pneumoniae and Streptococcus pyogenes) was added to the medium. 
Roxithromycin and Clarithromycin [The Merck Index, XI Ed., No. 
8253 and 2340, respectively] were used as reference macrolides. 
MIC, expressed as (pg/ml), were determined after incubation of 
the microplates at 37°C for 18 hours, evaluating the lowest 
antibiotic concentration enabling the inhibition of bacterial 
development. 

b) in vivo antibacterial activity 

The therapeutical effectiveness, expressed as average protecting 
dose (PD BO ). of the considered compounds of formula (I) was 
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evaluated by experimental pulmonary infection induced in mouse by 
Streptococcus pyogenes C 203. 

Charles River albin mice (strain CD 1), of body weight comprised 
5 between 23-35 g, stabulated in groups of 6 for cage and 
normo-feeded with standard diet and water ad libitum were used. 
A suspension of S. pyogenes C 203 (corresponding about to 10° 
UFO in tryptose broth (0.05 ml) was intranasal ly administered to 
each mouse anesthesi2ed with a mixture of ethyl ether and chlo- 
10 roform. 

The compounds under examination were intraperitoneal ly adminis- 
tered as a single dose, in 0.2% Tween suspension, 24 hours before 
or 1 hour after the infection. 

Mice mortality observation was prolonged up to 10 days from the 
15 infection. 

PDoo calculation, expressed as (mg/Kg), was carried out through 
the analysis of probit. 
For some representative compounds of formula (I) the in vitro anti- 
bacterial activity against Gram-positive microorganisms (table 1) 
20 and Gram-negative microorganisms (table 2), and the in vivo anti- 
bacterial activity values (table 3), are reported as follows. 

Table 1 

In vitro antibacterial activity, expressed as minimum inhibiting 
concentration MIC (\xg/ml) , of the compounds 2, 4-12, 16-19, 21, 
25 23-38 and of the reference compounds Roxithromycin and Clarithromy- 
cin, against Gram-positive microorganisms such as Streptococcus 
pneumoniae BS 3, Streptococcus pneumoniae BS 4, Streptococcus 
pyogenes A 26, Streptococcus pyogenes C 203, Enterococcus faecal is 
ATCC 29212 and Staphylococcus aureus PV 14. 
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The above reported data clearly indicate that the compounds of 
formula (I), object of the present invention,, are endowed with an 
antibacterial activity substantially comparable to that of 
Clarithromycin and Roxithromycin, with respect to Gram-positive- 
microorganisms. 

Table 2 

In vitro antibacterial activity, expressed as minimum inhibiting 
concentration MIC (pg/ml), of the compounds 2, 4-12, 16-19, 21, 
23-38 and of the reference compounds Roxithromycin and 
Clarithromycin, against Gram-negative microorganisms such as 
Escherichia coli ATCC 25922 and Klebsiella pneumoniae ZC 2. 
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15 The antibacterial activity of the compounds of formula (I) against 
Gram-negative microorganisms such as Escherichia coli and Klebsiella 
pneumoniae resulted to be markedly higher than that of both refer- 
ence compounds. 

Table 3 

20 In vivo antibacterial activity, expressed as average protecting dose 
PDao (mg/Kg), 24 hours before and 1 hour after the experimental 
pulmonary infection induced in mouse by Streptococcus pyogenes C 
203, of the compounds 4, 10, 16-19, 21, 23, 26-27, 29-30, 33-35 and 
38 and of the reference compounds Roxithromycin and Clarithromycin. 
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0.9 
2.36 
3.6 
1.17 
1.32 
1.95 
0.82 
1.46 
6.11 
15.6 

7.65 
19.3 
1 .61 
1 .88 
3.00 
11 .8 
0.9 
3.25 



4.78 
5.8 

10.21 
8.16 
2.23 
4.84 
5.95 
3.49 
6.11 

15.6 
6.1 
19.3 
6.11 
6.8 
6.0 
11.8 

>25 

>50 
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The compounds of formula (I) resulted to be active in vivo and their 
activity profile indicates that said compounds present a duration of 
action and a half-life of tissue elimination significantly higher 
than those of both reference compounds. 



30 



WO 96/18633 



PCT/EP95/04*15 



- 53 - 
Claims 

1 ) A compound of formula 

R«i Ra 

I I 

5 A- ( CH a >r>-N- ( CH a > m -N- < CH a ),*-0-N=M (I) 

wherein 

A is a phenyl group or a heterocycle with 5 or 6 members containing 
1 or more heteroatoms selected among nitrogen, oxygen and sul- 
phur, optionally substituted with from 1 to 3 groups, the same or 
10 different, selected among straight or branched Ci-C* alkyl or 
alkoxy groups, C-C 2 alkylenedioxy groups, C-C* alkylsulphonyl 
groups, phenyl, phenoxy, hydroxy, carboxy, nitro, halogen and 
trif luoromethyl groups; 
Ri and R a , the same or different, represent a hydrogen atom or a 
15 straight or branched C-,-C* alkyl group; 
a is 1 or 2; 

EL is an integer comprised between 1 and 8; 
L is an integer comprised between 2 and 6; 
M represents a group of formula 



20 
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wherein 

R» is a hydrogen atom or a methyl group; 
and its pharmaceutical ly acceptable salts, 
g 2) A compound according to claim 1 having E configuration. 

3) A compound according to claim 1 wherein A represents a phenyl 
group or a heterocycle selected between pyridine and furan, 
optionally substituted with from 1 to 3 groups selected among 
hydroxy, raethoxy, methylenedioxy, n.butoxy, phenoxy, phenyl, 
methyl sulphonyl, nitro, halogen and trif luororoethyl groups; R-, and 

10 

R a , the same each other, represent a hydrogen atom or a methyl 
group; R 3 represents a hydrogen atom. 

4) A compound according to claim 1 wherein A represents a phenyl 
group optionally substituted with a group selected among phenoxy, 
nitro and trif luororoethyl ; R, and R a , the same each other, represent 

15 

a hydrogen atom or a methyl group; a is equal to 1 ; m is equal to 6; 
XL is equal to 2; R 3 represents a hydrogen atom. 

5) A pharmaceutical composition containing a therapeutically effec- 
tive amount of one or more compounds of formula (I) in admixture 
with a pharmaceutical^ acceptable carrier. 

20 

6) A method for the treatment of infectious diseases in human or 
veterinary therapy consisting in administering a therapeutically 
effective amount of a compound according to claim 1 . 

7) A method according to claim 6 for the treatment of malarian 
diseases. 

25 
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